Infusion thrombophlebitis is probably the most common iatrogenic condition in hospitalised patients. Discomfort may be so severe that some patients suffer more from pain at the infusion site than from the pain of surgical intervention. l As a consequence of infusion thrombophlebitis associated with repeated infusions, patients can lose virtually all superficial veins and this can jeopardise further intravenous therapy.
Clinical studies have shown that the incidence of infusion thrombophlebitis increases with the duration of infusion and Frazer et af. 2 reported a 100070 incidence after five days. Addition of medications to the infusion is related to infusion thrombophlebitis, some antibiotics l and anaesthetic agents 4 for example being implicated. The pH of the infused solution is also a factor in its development. 5 Many other factors have been suggested, such as age and sex of patients, rate of infusion, site of infusion, size of vein, infection, calibre of intravenous device and the presence of particulate matter in the infusate. 6 The relative importance of many of these factors is unclear.
The establishment of an animal model enables the investigator to undertake controlled experiments into the pathophysiology of venous responses to intravenous infusions. This paper describes experiments done to investigate reactions of veins to "non-irritant" and "irritant" infusions over longer periods.
MATERIALS AND METHODS Anaesthesia was induced in mature Merino ewes (30-40 kg bodyweight) with pentobarbitone sodium and maintained after intubation with a continuous infusion of 6-12 mg/min of this agent delivered into a leg vein. One vein on each ear was cannulated with a 23-gauge scalp vein needle and solutions were delivered into each vein at a rate of 0.8 mllmin with a Technicon Auto Analyser proportioning pump. Pressures in the infusion lines were monitored and recorded on a Physiograph (E. & M. Instruments Co., Texas) recorder. Recordings usually started about 15 minutes after induction of anaesthesia. The normal period for recording was three hours but some infusions were ceased earlier when there were large increases in the infusion pressures. The "base line" pressure was determined at the end of each infusion by removing the needle from the vein and placing it at an identical height.
Solutions infused were (a) 0.9070 saline BP, (b) 5070 dextrose BP, (c) 5070 dextrose BP to which had been added 1.0 or 4 ml of normal HCI per litre, (d) 25070 dextrose BP and (e) 25070 dextrose BP to which had been added 120 mg of papaverine HCI per litre. Addition of HCI 1.0 ml to the 5070 dextrose reduced the pH from about 3.5 to about 2.4 while addition of a further 3 ml reduced it to about pH 2.1. Before five infusions with 25070 dextrose, ointment containing approximately 5 mg of nitroglycerine (Nitrobid, Protea Ltd.) was rubbed onto the ear receiving the infusion.
To derive data from the traces which were amenable to statistical analysis, the maximum and minimum pressures were calculated at fiveminute intervals during each infusion. It was considered desirable to determine two things from these data -firstly if there had been a general change in pressure (tone) during the infusion period (called "change in tone") and secondly if pressure (tone) had become more or less variable (called "change in variability") during the infusion period. To assess change in tone, the linear regression of the minimum pressure during each five-minute period was calculated (btone). Also the value for "t" for this regression coefficient (hone) was calculated to determine the statistical significance of any change. To express change in tone in simpler terms, the net change in pressure during each infusion was also calculated.
Some plots of minimum pressure against time showed a curvilinear tendency . We attempted analyses of the data by curvilinear regression techniques but there was no regular pattern to curvature and so we adopted the above linear analysis. However, we have included the standard deviation from the linear regression line (Sy.x) as this statistic is increased by non-linearity.
For change in variability, the difference between the maximum and minimum pressures during each five-minute period was regressed against time and the slope of this regression (bvariability) as well as its "t" value were calculated.
To determine the level of significance of differences between the pooled regression lines for the treatment groups, analyses of covariance were done and the mean squares for differences between treatment groups were compared with the mean squares for differences within groups to derive values for "F" . 7
RESULTS
When individual pressure traces were compared, it was apparent that the 0.9070 saline and 5 % dextrose infusions produced relatively even traces in which tone did not increase with time. In contrast, acidified 5% dextrose and 25070 dextrose solutions produced traces which usually increased in tone and often in variability. Examples of these two types of traces are shown in Figure Results of analyses of the maximum and minimum pressures each five-minute period from the traces obtained when 0.9% saline, 5% dextrose and acidified 5 % dextrose were infused are shown in Table 1 . Infusions of 0.9% saline and 5% dextrose gave similar results and no infusion with these solutions was terminated before the planned three hours. In three infusions there was a significant rise in pressure while in five the pressure decreased significantly. The net effect was a slight but highly significant decrease in pressure over the three-hour period with each solution. The value for Sy.x during the period averaged less than 3 cm of water pressure for each solution and there was a tendency for a decline in variability with time during most infusions although this decline was only sig~ificant for two infusions for 5% dextrose infusions.
In contrast, only six of the ten infusions went for three hours when the acidified 5070 dextrose was given. In only two infusions did the tone decrease (significantly only in one) while in seven of the other eight infusions it increased significantly. The overall result of the infusions of acidified dextrose was a significant increase in tone which resulted in an increase of 13 cm and 74 cm of water for the pH 2.4 and pH 2.1 solutions respectively. The standard deviations from the regressions (Sy.x) were also greater (7.07 cm and 8.69 cm water for the pH 2.4 and 2.1 infusions respectively). In only two traces was there evidence of a significant change in variability during the infusion: in one the change was a decrease and in the other an increase.
An analysis of covariance of the results in Table 1 showed that the differences in slope between the four solutions were highly significant for tone (F = 28.33, p < 0.001) but were not significant for variation (F = 0.68).
Results from infusions of 25 % dextrose are shown in Table 2 . Only three of the five infusions in which this solution was given a10ne went for three hours and in all infusions the tone increased significantly with the mean increase during the period of the infusions being 30.78 cm water. In only one trace with 25070 dextrose alone was there evidence of a significant change in variability in tone, and this was an increase. In contrast, all traces obtained when either papaverine or nitroglycerine were given in conjunction with Values are the regression coefficients (b), their "t" values and the standard deviation from the regression (Sy.x) of infusion pressures on time (see text). ns not significant * p < 0.05 ** p < 0.01 *** P < 0.001 25% dextrose went for three hours. In one trace with papaverine and three with nitroglycerine there were significant increases in pressure, while there were significant decreases in pressure when three were with papaverine. There were no significant decreases with nitroglycerine in combination with 25070 dextrose. The average net changes in tone with each drug were less than when no drug was given with 25% dextrose. The mean values for Sy.x, 2.7 and 5.4 cm water pressure with papaverine and nitroglycerine respectively, were significantly lower than when no drug was given (6.3 cm water). The variability decreased significantly in one papaverine and in one nitroglycerine infusion, and increased significantly in one papaverine infusion. However, the changes overall in variability for "b" were not significant.
Analysis of covariance of the results in Table  2 showed that the differences in slope between the three solutions were highly significant for tone (F=7.75, p < 0.001) but were not significant for variation (F = 0.32).
DISCUSSION
It is common experience that many drips run evenly for a number of hours after being started and initially require little adjustment but that eventually they tend to slow down and may become irregular. If the height of the reservoir is kept constant, if the setting of the regulator is not altered and if the patient is not moving, then the only thing that can vary the drip rate is the tone of the vein receiving the infusion. Hence slowing down, and sometimes irregularity in rate after a drip has been running for a number of hours, may represent responses of the vein to the foreign solutions that it is receiving. Surprisingly, little is known about alterations in venous tone in response to infusions.
In this model, we have tried to mimic conditions relevant to a drip in a clinical situation. We have been able to use the ear Values are the regression coefficients (b), their "t" values and the standard deviation from the regression (Sy.x) of infusion pressures on time (see text). ns not significant * p < 0.05 ** p < 0.01 *** P < 0.001 Anaesthesia and Intensive Care, Vol. 12, No. J, February, 1984 veins only while the animal is anaesthetised and so have been limited to a test period of approximately three hours. Even though we used a pump to deliver solutions and monitored changes in pressures in the infusion line rather than changes in drip rate as a measure of venous tone, we believe that the types of changes that we have found reflect those that may occur during clinical infusions.
During the three-hour test periods, 0.9070 saline and 50/0 dextrose solutions produced even traces and usually there was a small decrease in pressure. Inspection of the actual traces indicated that the decrease occurred mainly in the first 30 minutes and that traces after this period tended to remain constant. Typically the pressure started at about 10 cm water and fell to about 5 cm water. These decreases could be due to continuing effects of the anaesthesia.
In order to demonstrate in a three-hour period that irritant solutions could induce alterations in venous tone, we used solutions that are particularly irritant and which clinically would not normally be infused into small veins. Solutions of 25070 dextrose are recognised as being irritant to veins and are normally given only through central venous lines. Acidity has been shown to be a factor in thrombophlebitis and buffered solutions are associated with a lower incidence of this condition. 5 We found that freshly opened packs of 5070 dextrose had pH values of between 3.4 and 4.0 which is lower than reported elsewhere 8 and may be a peculiarity of Australian manufacture. Even this low pH did not appear to affect venous tone over a three-hour test period and gave results which were similar to those produced by 0.9070 saline which had a pH of about 5. Because commercial packs did not produce increases in venous tone, we sought to exaggerate effects of pH by adding acid. When we did so, eight out of ten veins reacted with significant increases in tone.
There are few precedents for analysis of data such as these. It would appear that the use of change in infusion pressure with time provides a sensitive index of "irritation" as the acidified dextrose and the 25070 dextrose solutions which would be expected to irritate veins did cause significant increases in infusion pressures whereas the 5070 dextrose and 0.9070 saline solutions did not. In the clinical situation, the Anaesthesia and Intensive Care, Vol. 12, No. 1, February, 1984 increase in infusion pressure would be evidenced by slowing down of the drip which would require repeated adjustment by slackening of the regulator or increasing the height of the reservoir.
In spite of our suspicions that irritant solutions might, as well as increasing pressure, cause the infusion to become more variable, analyses of "b" for variability did not produce significant differences. However, analysis of variance of the values for Sy.x did show that significant differences might exist.
These results are only for infusions lasting for three hours and they did not produce any thrombophlebitis. However, ROSS9 found a significant correlation in patients between slowing of drips and development of thrombophlebitis.
An animal model such as this is most useful if it can identify causes and possible means of reducing problems with intravenous therapy. Many drips are given into veins which have little blood flow due to vasoconstriction caused by a variety of factors such as low temperatures in the limb receiving the drip. A reasonable hypothesis would be that, if blood flow could be maintained in a vein receiving a drip, then the solution infused would rapidly mix with blood and therefore would be less likely to damage the endothelium. There are inferences in the literature to this hypothesis (e.g.lO) but it does not appear to have been tested previously. These experiments provide support for the hypothesis in that increases in tone occurred less frequently in the presence of venodilators.
It is well known that nitroglycerine is absorbed through the skin and is used systemically for treatment of angina. However, percutaneous nitroglycerine has a local venodilating effect and it has been used as an aid to venepuncture. 12 In these experiments, papaverine was a more effective venodilator than nitroglycerine as tone in all but one trace with papaverine decreased while tone in several with nitroglycerine increased but to a lesser extent than when no venodilator was used. We suggest that the potential use of these two substances in preventing some of the complications of intravenous therapy should be explored more thoroughly.
